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^^^^eonstructioh of a theoiretipal Measure d 
output is attempted in The effort begins 6 y ^P^ 

the purpose for vfaich this measure is i^te^d^ 

^location^ according to the eguiBarginal principlei, of iiiiited ^ 
jreaourc^s to alternative units producing education;. It then:^ 
r silple and narr goal that education is to leet: Satisf actio^^^^^^ 
aii i^ student's preferfnci^ for Market gocdi oh-the-ipb^^^^^^ 

consuiptidn#^^ and the direct benefits of education « E4up9tiona output 
is^def ined as a cbipensating Tariatibh^ or luip'-sui dbllar aio^^ 
She §eas^ set cf preferences chosen^ 

and as a result in^eneral# be^f^ Many distinct^and 

^ua^ measures ais there are stgd cbttsideration bf the 

preferences of facu^ and other relevant individuals ^i|l 
to the iu^ seasures. it is concluded that ^ce^^^ 

ailbcation of resources to alternative education units according to 
the equiiargin^l principle cannot be accoMplished if the preferences 
of each individual student are to be taken into account. 
(Author/BSE) . 
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A Theoretical Framework for Educational 
Output MeaiOTement 



TTiis pa|yer presents ah attempt to construct a thedrpticstl measure of 
etocationai output.^ We begin by -specifying the pui^ose for wfiich this, me^^^ 
is^ intended: centriiized allocitionl^ according to the . equimkt^iei^^^^ 
iiiiiited xesdurces; to altferiiative: units producing education. We th^ii 
a simple and harrow goal which education IS to m^t: satisif action, of an 
individual student's preferences for market goods, ph-the-j 0b pbhsi^ 
OTd the direct benefit^ of education. We then define educatioM^^ 
as i CQ^ehsating variation, br^lifli^-siiffl ^llai: am^^^ fh^ measure defsends^ 
lipdh" the particular set of preferences ; chosen^ ^3 as a H^Jfe ^fiere ^^^ill ^ 
in gene^l,.be as many; distinct and equally cotri5Ct^^.m^^^ 
students. Consideration bf^the prefcjrehces of faculty ?i^d other ^relevant 
individuals will only add to the mi^^ We. cohcltide -that 

centralized alibcatioh of resources to alterhative educatrbn ^its according 
to the equimarginal principle c^hot be accomplished if the preferefices of 
each ihdividuSl student ari to b^ 
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A ITteoretida^^^^ Educatibnal Outpu^^^^^^^ * 

-V ■\--\ -. ■. . ; ■ •. T---* - . ..... : • .0 , -• - • . Utr- 



E nt r o Sttctio n — — ^— — — — — : — ' ". ^ ' 

(^timai allocation of resoOTces to alternative productive units by 
' centiralized adminis^^ requires measures of ^ the outputs of thost^ units • 
Specx fiscal iyi iiffiiHi^ must allocate resources according to the equi--r 

filxgiflti principle in drdet to achieve tlife optimal production levels; ^1^^ 
principle, states that the n^rgihal output pex^ of resources must b« 
in all product ive Wits. If this condition were not satisfied^ resoOTCes 
cotild be shifted' fM^ with reiativeiiy low marginal dut:puts to 

th^se with relatively high pargin^ outputs, and tfics fesult would be a net 

/,/^gain in ..output... : ; , ■ ' - 

This principle can; at, least in COT allocation 
of tesources to the production of ediication in partxtular. Ratibnat uhiver- • 

, • . ■ • * *' ■ - ■ . -■ ' ' . . ■ • . " $ : . 

_ _ . _ Q , _ . . . ^ _ 

^ sity administrators would like to use the equimarginal principle 
or implicitly) to allbc.ate university budget resources among sichobls arid 

■ departments within the university. Administrators of multi-campus syste^ 
would like to use the pfihciple to allocate their budgets among campuses./ 
However^ the use of this principle, in education has Jbeeh hampefed by the | • 
lack of suitable mea^iires of the output of education institul^idnsi 

In this p^er w.e will exSihe how one naght proceed educational 
butput.^ We begin by trying to rigorously define the concept to be measured^ 
Only then can practical measurement, methods be considered, this prdceds will 

. make clear why educational butput measurement is so difficult. In particular^ 
we will ^ee that butput measurement depends upon what goal the output is in- 
tended to satisfy ^d that there is no way tb settle upoii a unique gpal dt 
a set of goals which lea<i to tractal5le aggregation. The result is definition 
of an immense niimber of distiiict^ a^ measures^ which is 
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SeasOTemeht iV ultim^^^^^ ujion the niimerickl rppri^sen^^ 



relations. this idia has been loosely exprc^sseS M ■ 

Bfettgr :iiterattire oh ^educ^^nai v out^ meagureinent by;/ the notion that t&e - : i . . 
measurement of the outp^of an educational ih^titt^bh depends .upon^ /^^^^ i 
^specification of .irt dbj^tive function.* Rotated; a^ f^ ^SeasiSe is.^^ '"-"'^ 

i ruiefbx assi^ng^ to^bbjects (ph/sical o^ conceptual J which; re t^ 

all the infbrmation need^d'^to compare these^ objects with respect to ^soiSe - . 
brdeiin^xelatibftship^'...'^ . . ' ....--^y' 

• . fb' B^fcet^hi.? idea ipore clears consider a concrete exan^^le. ^^ 
hid ia s^t of stiraight^bds; ^asuringt the would con^st c^ assign-^ 

ing numbers to the rods so as ^tb preserve the r^ lilt ibn^ to b<^ found by ■ 
laying the rods side^by side, adjusting theC^^b coincide at one 

endi and observing at tl>e other end which rods extend, beydnd bthq^ 
appear to coincide. ' thus, "rod;^ is Ibrtgef than rod b'V ni^ans '^rdd a ex- : 
tends beyond rod b.'^^^ T^^^ notion "extending beyond" is'-an brdering fe- ^ > . 
lation:which is independent of pribr measur^eht. tlp.^^' length"^' numbers 
assigned t^each rod carry all the infoiTnatibn needed to ihaSe all the; -^z^-:^^ 
co^arisbns of the kind "rod a is ibnger thin rod bV without a^ 
cally observing that rod a extends beybhd rod b.' (Additional structure can . , 
- also be added so dthat we can five precise meani^^ the phrase ^'rbdsa is 

twice as ibng as rbd b.*^ See Krahtz^ Luce^ Supp^s^ .and tversky (^971) 0 / ^ . 
^ y Y6 proceed- with our analysis of educatiorral output measurement we • 
need ordering relatib^^^ on the putpu^ of educational units. One 
sinqjle and relevant ordering retatibh can be found in the preferences of a 
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; :i ^'^.siiil^^^^ sttident; in the next secpoi^ ^iii 



iii Student Demand for Education i • * 

; We assume students demand higHer education for tRree re^^ 1] thi - 



* process of higHer education yields direidt *ahd iinmediate satisfaction, 2) the . 
results of higher education: give direct satisfaction later in lifej and 



3J higher education produces changes in the value of the individual's 1 
seririces. . lliis las? -factof ^ h^^ of course , beerf wide^^ tre^t^d in the "^^ 
c^apital" literature. these studies have focused primarilj^'on^Kiglily^^ 
models which yield cohditibhs for optimai educational investment behavior in; 
the face of a dnfe-dimensional rate af return to Education i / f 

Pur model is Sore cdmpiex in that- ve specify a, particular iabp^^ 
- pt mechWsm whj.cft determines; differ^^ . 

of Education. This makes e^^plicit the means 6y wh ich d lf f erent ihstitUt johs 

■ * • ■■■ ' '" ' _ ' • . - - ■ . • ■• ' 

yield cliff e?^t quantities o^f educational output. Ou^ market model 

is one in which wdrkei's V» characte'?istics det Jirbductivities/ As, 

a'^result; employers are' willing ta different wages tb workers^^^^w^^^ 

different characteristic^. Secondly, jobs als^ have .characteristics (in 
addition to wage rates) associated ifrith, them. ' We asstime potential workers 
^ • Save preferences defined over these job -characte^^ so that a given . 

individual would have to be ^s^id a premitm to induce him to accept a job 
with reiiatively- unplejisa^^ be Willing to sacrifice 

some money iifcome for rel at iveiy^'fp to supnarize, 

this is a labor^iiiarket iii whibThete^p^ hetero- : 

gen66us jbbsi^ This is, roughly ^ the kind of market analysed by Rosen (1974) 
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arid generaiized^to the labor market by tacas C1977). If we assuffi^ an |qui- 

fiibriin isvachieved in .the market i thfe wage iktis Received by the wprkers-Will 
nse^^eti^t^i^depi^ 



the Jobs tlf^ fill/ the relation between wa^ and; the 'charactelistics 

of ^obs and individuii^ .is known as a "hedonic >wage equatio^^^ 
• - We alsiJ .assume there' is a simlir matke.t .for highp^^^^^^^^ We assume 

.higher education institution^ produce servi^ wj^i^i. chaSge individual 
characteristics. (These are in, addition to the ^^roductipn of services/ which 
yield- direct satisfaction.) Soae Of these chafacterist|cs are asstaiesd to be 
identical to those valued. by. potential empioyers. The, higher education mar- 
ket is" one in which individuals with different preferences and different • 
initial endowments of chafactefistics ^purchase educ^ some 
of which chahge their persoilal characteristios-, and the others, of which ^ield 
direct satisfaction.: Increases in the valiied characteristics allow workers 
td barn higher wages wi^^^ whicfi'to. purchase the things which yield satisfac- 
tion i including consumption as well as market goods and services. 
Thus, the dem^d for higher education.cOnsists of a' derived demand originating 
in preferences for market coiraodities -arid" on-the-!^b1j consumption plus a - 
direct demand for educiatibnal services. 



. ' institutional supply of school characteristics 'ma;y -be ^eith^r.ar^^^^ 

d^t erained ^(by institutions with 1 i tt le ^jehdehce; on > ^r^iiTB|iits Or tuition 
revehues for support) of cbnqjetitively detera^ If we 

■ assume equilibrium is ©siablished ih^tfiis market , we: v^^ a^hedqnic 
^tuj.-tioh ftmction relating tuitions to school charac,tefistics ;^d student^ , 

initial characteristics. - ■ 

' . ■ ■ ■ ' '■ " ' ■ ' ■ . ■ " ■'- ■' ■ \ - . ■ ■.' 

■ iil. Defiriitioh of Education^ Output ^ . " • 

: We ban now precisely define educatibhal bu^^ from the point of vi^w 

ERIC"'. ' ' , . : ■ • ^ - 



of a partivciii«^^ fcr mswrket gpodsj, 

onj-,the,-Job consi^tiSi and^^^t^ direct benefits df educVtibn^ We will measure 
iduedtiional output with* a "cdngjensating variation," which t hi quantity of 
ioitey required to Sake the individual in questibif iiidiffetent between two _ 

alternative sets of constraints on his. behavior. tfe define the ^uaAtlty of : 

' ' ... - • • * i - • . 

^ output of higher education ilistitutidh h to; be, the dollar ainount Q^^ which - 
- would make the indiyidu^i indifferent between receiving the iuinp suiS pay ment 
afong with iib higligi^iducatidri a^^ at institution^A: btat Kithynd ^ 

lug^^ui paymeitt- ^^' first ^ we determirtfe the M It ^ * 

curve to be,lttaLined^^^i^^ given that h6 attends institution ; _ 

(at no tuition cost), then wegd^l^^ p^nnent imst be mad^ 

to th^ iiidiy$d?iad to birijr^ him to the same indifference cutve given that he 



receives no higher ^duciatidil^^^^ enters the labor fiiarket with his initial 



endowment of characteristtc^i :^^^ _ 
Let JUS jjegin with a very $i*^^^ : 
measurement process -Works Suppose the individual , in que^ - 
derivd any difatt benefits from educktioii^^^i^here is^^^n^ con- 
suction; \ Itf this simple case Qj^ is merely the difference between -his ^1 
inatket earnings tb be received" if he were to attend iiistitutioh h and his 

. ■ /. ■■ ... * ■ " ■ '.^ ^ ■■■^^■^'^-^ "^^^ - ' ' 

earnings tb be received if h^ receivjfed iio^Mgher educationr.^^ ^ 
cisely the view which imdeflies Welch^ inndvatiye empirical "^^^^^ . 
. 'tibhai qualify :.measurejn^ (Welch (1^665ji;i^ ^ V ^i^^^^^^ ^ > - J ' 5^- 

^ ■ ■■■•"*■•'■_"■■"■ ■ ■ *" " •'.■'j;*' ■ ■■ sT-* ■>*■■ ■' ■■ — i-— ' ^ ■ ' ■ 

" If we reia^ thel issiimdtibiis that thS: individual * dcf^ not de^e direct : 
benefits from educatidn'and that theje is .no on-thes- jdb cdnsip^ 
We cdmpensating vafiatidh Qj^ iidt>ftly cp^ for -lost v 

money incoiie bai also for thfe loss df the direct benefits «f educatidn^ 



possibly &r lost on^the-^ : ^ ? 

By cbhstructibh, this cbmpeiisatihg variation Kas, the' prdper^^^ 
. to Ije an ordinal measure of the individiial ' s preferences for the charac- . 
t^ristics of alteiTiativ§ institution^ That is^ by cbristtuctibn Q^^Qg if 
ind only i f the ^i^est indifferenci^ tuifve to be attained by attending in- ; 
stitUtion a is fairther from the origin than that- tp be attained By atti^ndiiii; 
iSstitution b. Further the con^ensatlng Variation -We' feve de fined* ftas thft 
tequireii cardinal propert^^ to be useful in iraplementirig the equimarginal 
principle. That is, it makes sense for us to say insti^tibh a prbdubes 
twice the output of institution h. Also, it makes sens€^ to say the difference 
in' output between institutions a and b is tfie same as that' between institu- 
tibns c aiid d* (This is true because the bon^ensating variation is a 5isr 
tsiice in a prefere^^^ is entirely independent of the choice or-^ * 

dinai utility indicatbr.^^ • ^ V r ; 

*■ ..• "■ ■ ■. ■■ -■ , ..■ ■■ ■ ■ ■ ■ ■ ■ ■ ■ ' • * - ' - - ■< ■■ ".'•*•*.' i ■*■ 

-IV. ebnceptuai Problems with the Gbmpbrtsatiri Measure of 

Educational Output ^ 

We'have in the previous section cbffsti^^ a well-defined 



However, it is based only upon student^^^^p^ bhly upoS 

-the preferences b Had we chosen a different stxidertt 

wbuid^ in- general, e-xpect to^ g^^ for ♦ 

the feasible set of schools. TTiiis, there are^T^ as 5any equally.' 

welij-defihea^^^^ meastires as there: ^re stiilents; We also qou . 

su^^ably, cons tiiict distinct and well-defined cdS^ensatiTig Vaf iatibn qutr* v 
put measures based on the^ preference^ of facultjr^ adnanistratorsy state . ; J - 
legislators, ^a&d others. ' -Thus, theie is a^iost ho limit to tfie htimber bf • 
gquaiiy weii -"defined QUtp measures which can bj5 constructed withi'n this ■. 
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V 1^ • -"^ If thet-e any • to Svoid this^ rpii € ip li city of :iiiiasiires ? • " i ion J t ' 
' believe' there is any evenTrtmi'^iy^'^^^s^'^^^ uaiy^ to^oidt^e-iptQhiem , . = 
r of distinct meafures fbr^tft 

" there are. two" pO;Ssible approaches one might try to get ^ single measure of 

• educational outptrt' from tiie point of view of the student . : The- first -of 

these is the well known approach of fprming.an aggi:egat^ -preference ordering, 

the conditions needed for existence of a well-defined aggregate preference •. 
/ . ■ . .: ■ \ ' ■ ■■ . \ 

■'^ordering, or, stated in pother way, for the existence of a "representative 

individual," are v^ry restrictive and are very unlikely to be satisfied in 



^ ^ Moth^ aiipr^ more, geaeral applicabiUty- is to use, the mean of- y 

\the ciistribu^i6ft ff the cbinpensating •variations. Since, in concept, we , 
M^ fe^ our- bUtput ie^K eifo^ for each student, ; - ' 

• w the output al^ach institution, to be the average over all -r^'' 

students x)f their output measures for tfiat/schdol.. Adopting this approach, - - 
; ] we could. ^^Iculaiefthfe compensating variations, for a small sample of students 
C and . use the. sample 'means and s^le standalTd, deviatioijs to form: confidence 
' intervals foi^:,th#true mean output measures or maRe other probabilistic 
-m statements^ about *tfie distribution of the measures; . ; v 

• ^ . • . The problem with this, probabilistic measure is that .While it is Unique 
and well-defined, it is: not the kind of measure ' needed to make the equinar.-' . . 
-v; ginal principle operative. The equimarginal .principle is noty>ttsed^oa means j , . 
of distributions of outputs, btri-: rather on the outputs-themseives . Thus, 
I : I , while thfe ^probabilistic output defined, above may? be. useful for. som^urposes . 
; i ■ ; ;it>3^^^^ tool which ?nk^les central - adm^nistratoris to allbcate ; 

' : resqurce^^ ■ ;.. • ■ -'.^A ' I.' r'^ '- .'■'y ; 



We havS constructed a- meaJi^rig^ and uriainbigubtfs measture of educational 



• output basedyug^ the comJ>ensatirig variation* To 

^ do titis .*re)^?l^^ a panicular; set 6f p^^ over market. 

■'. .tgoods and. of education,^ Sipce^ in generalV We caimot 

• aggjtegafijpef ^ asi ns^y equally well-defined 

^ • measures as thetre -afe 'stSdent^.. Further measure 
^ .we have not even bibgun-to 

i vant groups ^ Gbnsideratibh d£;$ Will lead to the constinactibri 



\ ' even' morey equally valid measures assume; that central administrators > 
: caimbt ignore 'the. ^refgren^^ of an^/studentV^ - 

■^'■^ ■■ .'-v. ■■ Uil'^-j"^ ■■/V,^ j- .- ^ : -. -. y " . 

■^is^no hope at all. of finding the sott of butput measures needed to enable 
. centiraliz^d resource alldcatibn mechanisms^ to arrive, at the ojptimal allbca- ^ 
^^^^^^ > t^ tb aitema^tive prb&uctive . ' ' r ' . 

■ /TOm the technocratic apprbach (^as espoused by Razin >^ 

; ^ aSd €amp6bil and Jablx)nski [197^3* e.g.3 to resource allocation in ♦ 

htghter educatipn can never be justified by arguing , that such m^^ 
' . to'" the optimal a^btatibn (bf resources siiic6 the-measures required "tb make w ^ 
the approach work do not exist even in raiicept; ; Then what are the alternatives.? v 
. One is to muddle albng^^^ approach using the i^me^^^ , 

. ^re avail able and atbandbning cladms to'dptim 
• prog:edure ii that outputs will become .m^^^ results wltich > ^ 

^are ea|ily^ te^ the results whiqh are of val%.. . Further,^ 

if resources were allocated tp va^>us units accbrding^ ^ 
: i ipfbduc^^ would e:^ect to see the tmiis'' ■ > 



' ■ toward the . ^diictibn^ these objective measure^ to 
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aetriment of the unmeasuiieai; a^^ more important activities. 

:^rhete ark Cat least) thtee oth^r aitemative 11 location mec^ 
do pot ^6 on output measurements One is the dictatdrial approach. By this 
r iSedfi c^atralized aedisionmaki^^^^ Jndividual based upon his bvSi 

prefefenc^^^^ problem with this onechi^ the right dicta- 

tot. With any dictator chbseii we;tafi ajtways e^ some of the relevant in- 
dividuals to be dissatisfied with his decisions. A^^ 

choices .we can e>^ect almoit ail the relevant individuals will be dissatisfied. 
Thus; iihik- is; a risky mechanism. A second possibility :i§ the political ap- 
proach; tills medianism feties^^t^^ iecisibri-making by a cdimnittee n^de up of 
small grblip of rdughiy equally powerful individtiais vSo fepfeseri^^ coii- 
stitueiicies - k pf obFem with th^s, approach^is. that personalities and institu- 
tidnal atrangements will be, important factors in determih 

of resoOTCes, and these factors 'inky dverwhelm the preferences of the re levant ' 
indi\?^iduals. Finaiiy, ' there is the decentralized market appr^ This 
ineckanism relies on student demanders ^d faculty sjoppliers to make their own 
decisions.^^ 4?ith thrs mechanism, central' ^^a^^ 

output measures since they have little of no fofe in allocating resources. 
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Footnotes 



* The author would like to th^k Stephen Moenack and Wiiiiam Weiie:^ for 

■* " ■ ■ ■ . . ' ■ • ■ . ' ' * ." • 

helpful comments on ah earlier draft, - . ■ * . 

i. See , Bowles (19675 or Razih and Garapbell (1972) for exajnples of applica- 
tions the equimarginal principle to the allocation of resources to the 



production of education. 



2,, For a more detailed treatmWt of the ideas presented in this paper -see 



v - Reece (1978). -r^i . : ' ' 

3. See, e.g. , Hempei (1952), Pfanzagl (195^1). or JCrktrt z , pt al ^ jMit) ' fc 
the foundations of measurement. \ : V 

4. See^ ^ g^V Hpushek (1975) and Sol^ 

5. See, e.g.. Mincer (1970) or'Becker (1964). . ; . 

6. See Kalachek and Raines. (1976) and Liicas (1977) for. empirical hedortic 
wage equation estimated i 

7; See Abowd (1977) for applicatidn of Rdseri's model of markets for 

heterogenous goods to the market for higher educatidh. 
8i See Hicks (1956) for a detailed' treatment of con^ensating variations. 
9. In calculating" we set tuition at instittitidn h equal td zefd because 
we want the quantity of output to be- independent of price'. TTiat is, in 
comparing the outputs^ of two institutions their tuition levels should be 
irrelevant. See Reece (1978) for a mdre detailed discussion of this point 
ID. Gillihgham (1974) has used this approach to interpret the constnner price 
/ index and Gillingham and Reece' (1978) have suggested a similar approach ' 

to quality of life measiireinent. . ^ ; . ^ V ** 

11. See Pfeffer and Salancik (1974) for a treatment of the internal politics 

'df university decision-making. . : 

12i See Hoehack (1977) for a detailed treatment of the operation of the de- 
centralized market mechanism in higher education i 

erIc" •■■ ... ■■• ' , ■ : - ■ ■ - , 



